Four new eremophilane-type sesquiterpenes, culcitiolides A-D, were isolated from the stem of Senecio culcitioides Sch. Bip (Asteraceae). Their structures were established by detailed 2D NMR spectroscopic and single-crystal X-ray experiments. These compounds were assessed for inhibitory activity against nuclear factor B (NF-B). Culcitiolides C and D at 20 M showed 97 and 100% inhibition of NF-B activity, respectively.
Nuclear factor B (NF-B) is a dimeric transcription factor that induces the expression of genes involved in the inflammatory process [1] . NF-B binds to its promoter recognition sequence to induce the transcription of target genes, including mediators of the immune and inflammatory responses such as inflammatory cytokines, tumor necrosis factor (TNF)-, interleukin (IL)-2, IL-6, and IL-8 [2] . Compounds that inhibit NF-B are of great interest as lead structures for the treatment of acute and chronic inflammation. In the course of our research on bioactive compounds, the methanol extract of the stem of the hitherto uninvestigated Senecio culcitioides Sch. Bip. (Asteraceae) was found to show inhibitory activity against NF-B. S. culcitioides grows in the Peruvian Andes and has been used as a traditional folk medicine for coughs, bronchitis and asthma [3] . Although the Senecio genus has been previously reported to possess interesting biological activities [4a,b] , this species has not been investigated before. Herein, we describe the isolation and structural elucidation of four new compounds designated culcitiolides A-D (1-4, Figure 1 ), together with their biological activities against NF-B.
Culcitiolide A (1), obtained as colorless needles (mp. 147-150 ºC), was determined to have a molecular formula of C 22 H 30 O 7 from its HREIMS (m/z 406.1990 [M] + ; calcd: 406.1990). Its IR spectrum exhibited absorption bands corresponding to carbonyl and double bond groups (1724 and 1645 cm -1 ). The 1 H NMR spectrum displayed signals that originated from a mixture of isomers 1 and 2, with olefinic signals [  5.66 (1H, s) for 1 and 6.88 (1H, q, J=7.3 Hz) for 2] with a ratio of 4:1 [senecioyl and tigloyl groups]. These isomers could not be separated by our purification methods. We therefore carried out structural elucidation for the major isomer 1 in the mixture of 1 and 2. The 1 H NMR spectrum of 1 showed a secondary methyl, a tertiary methyl, three vinyl methyl, two methoxyl, two oxymethine, an acetal methine, and a trisubstituted olefinic proton signals. Twenty-two carbon signals, including singlets for a ketone, an ester carbonyl, four olefinic carbons, an oxygenated quaternary carbon, and two acetal carbons were observed in the 13 C NMR spectrum [ Table 1 ]. The presence of a senecioyl moiety and a 3-methyl-2,5-dihydrofuran type ring was determined from the COSY and HMBC correlations, as shown in Figure 2 . This evidence, together with the limitation imposed by unsaturation, suggested that compound 1 is a furano-eremophilanetype sesquiterpene derivative having another ether ring [5a-5d] . It was deduced that the remaining ether ring was an epoxide located at C-9 and C-10 by HMBC connections as follows: H-14/C-10, H-9/C-7, H-3/C-10, and H-2/C-1 ( Figure 2 ). The structures and relative stereochemistry of 1 and 2 were firmly established by a single crystal X-ray diffraction experiment [6] . An ORTEP drawing of the X-ray structures of 1 and 2 is shown in Figure 2 . In the X-ray analysis of the crystal of the isomeric mixture, the electron densities derived from both the senecioyl and tigloyl groups at C-6 were observed in a single crystal. Thus, the structures of culcitiolide A and B can be represented by formulas 1 and 2, respectively.
Culcitiolide C (3) was a yellow oil, and its molecular formula of C 21 H 26 O 6 was determined by HREIMS (m/z 374.1727 [M] + , calcd: 374.1729). The IR spectrum showed an absorption band for a ketone carbonyl (1704 cm -1 ) and a band for a typical ,unsaturated -lactone (1772 cm -1 ) group. In the 1 H and 13 C NMR [5a-d] . Twenty-one carbon signals in total were present in the 13 C NMR spectrum, including a signal for a ketone carbonyl carbon in addition to the above-mentioned signals. Thus, compound 3 was considered to be a furano-eremophilane-type sesquiterpene with a tigloyl group. The 2D NMR spectra allowed the assignment of all proton and carbon signals, as shown in Table  1 , and the structure of this compound was deduced mainly from the HMBC spectrum (Figure 3) .
The H-6/C-1' and H-16/C-8 correlations indicated that the tigloyl and methoxyl groups were substituted at C-6 and C-8 positions, respectively. The positions of the ,-unsaturated ketone and the -methyl-,-unsaturated lactone group were elucidated from the H-2/C-10, H-9/C-1, C-5, C-7 and H-6/C-11, H-13/ C-7, C-12 correlations. Thus, the plane structure of 3 was determined as shown in Figure 3 . Table 1 , and these data confirmed that the structure of 4 was as presented in Figure 1 . The relative configuration of 4, except for the configuration of the hydroxyl group at C-10, was deduced as shown in Figure 1 , based on the coupling constants in the NMR spectrum and the co-occurrence of compounds 1, 2 and 3 in this plant. The NF-B inhibitory activities of culcitiolides A, B (1 and 2) , C (3), and D (4) were evaluated at 20 M using HeLa NF-B -3 cells. Culcitiolides C and D showed 97% and 100% inhibition, respectively, but no inhibitory activity was observed for culcitiolides A and B. Thus, the presence of the -lactone moiety is presumed to play a role in the inhibitory activities of these compounds, similar to the case of paluthenolide, a known inhibitor of NF-B [8] .
Eremophilanes from Senecio culcitioides Natural Product Communications Vol. 7 (4) 2012 429 Experimental General: The melting points were determined using a YANACO MP-500D melting point apparatus and are uncorrected. The optical rotations were measured on a JASCO DIP-140 polarimeter. The IR and UV spectra were recorded on HORIBA FT-720 and HITACHI U-2810 spectrophotometers, respectively. The EIMS and HREIMS spectra were recorded on a JEOL JMS 700 MS spectrometer, and the NMR spectra on a JEOL JNM-EX400 NMR spectrometer. The chemical shifts are given on the scale and are referenced to TMS at 0 ppm for both the proton and carbon spectra. The coupling constants (J) are given in Hertz. X-ray analysis was carried out with a Rigaku-AFC-7R diffractometer and Rigaku program system. Silica gel, 230-400 mesh (Merck Silica gel 60), and ODS, 100-200 mesh (FUJI SILISIA ODS), were used for column chromatography and medium-pressure liquid chromatography, respectively. Preparative TLC (Merck 25 Silica Gel 60F 254 ) was also utilized for purification. 
Plant material:

Extraction and isolation:
The shade-dried plant material (940 g) was extracted with methanol at room temperature for one month and then filtered. The filtrate was concentrated under vacuum to give 200 g of crude residue, which was subjected to silica gel CC eluted with a gradient mixture of CHCl 3 /MeOH to afford 6 fractions (F1 to F6). Fraction 2 was chromatographically separated using silica gel, eluting with mixture of n-hexane/EtOAc with increasing polarity to yield 7 fractions (F2A to F2G). Fraction 2B was further purified using ODS medium-pressure liquid chromatography with a mixture of MeOH/H 2 O (3:1). This procedure yielded 2 sub-fractions (F2B 1 and F2B 2 ). Each fraction was purified by preparative TLC using a mixture of n-hexane/acetone (2:1) for F2B 1 and CHCl 3 /EAOAc (15:1) for F2B 2 , yielding a mixture of culcitiolides A and B (1 and 2: 5.8 mg) and culcitiolide D (3: 6.3 mg), respectively. Fraction 2E was separated by silica gel CC and eluted with a mixture of n-hexane/acetone (8:1) to yield 5 sub-fractions (F2E 1 to F2E 5 ). Further purification of fraction F2E 5 by preparative TLC [n-hexane/EtOAc (5:1)] yielded culcitiolide C (5.1 mg).
Assay for NF-B inhibition activity:
The NF-B inhibitory activities of culcitiolides A-D were evaluated using HeLa NF-B -3 cells, as described previously [7] . In brief, 0.5 X 10 4 cells were seeded in a 96-well tissue culture plate. After 2 h, an aliquot of a test sample solution was added to each well. After 1 h, 10 L of 800 ng/mL tumor necrosis factor-(TNF-) was also added to each well. After 24 h, the medium from each well was removed and assayed for secreted alkaline phosphatase (SEAP) activity according to the manufacturer's protocol. The NF-B inhibitory activity was defined as the percent inhibition (%) of the TNF-induced expression of the SEAP reporter gene under the control of NF-B transcriptional activity. The inhibitory data were shown as the average values (n=3) of 3 independent experiments. The SD of each population was lower than 5% of average values. Parthenolide (1 M), a known NF-B inhibitor [8] , was used as a positive control. UV  max (MeOH) nm (log ): 220 (4.17). 1 H NMR: Table 1 . 13 C NMR: Table 1 . HMBC: Figure UV  max (MeOH) nm (log ): 220 (4.30). 1 H NMR: Table 1 . 13 C NMR: Table 1 UV  max (MeOH) nm (log ): 220 (4.27). 1 H NMR: Table 1 .
